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OCH1 基因敲除为例，首先通过一个辅助载体在 GS115 细胞中备份表达 OCH1
基因，再对含有辅助载体的 GS115 进行基因组上 OCH1 基因的敲除。OCH1 基
因作为毕赤酵母糖基化途径的重要基因，其功能的缺失对细胞的生长造成很大影
响，而通过辅助载体表达造成的 OCH1 基因冗余大大弥补了基因组上 OCH1 基
因缺失菌株的生长缺陷。在使用相同同源臂长度的情况下，与传统一步法敲除相
比，巴斯德毕赤酵母 GS115 基因组上 OCH1 基因的敲除阳性率提高了两个数量
级。同时，用相同的策略又对巴斯德毕赤酵母 GS115 基因组上 KU70 和 SGS1 基
因进行了敲除，发现基因置换效率都得到显著提高，其中，KU70 基因的敲除率





（NHEJ）。通过对起始 NHEJ 途径的 KU70 基因与调节 HR 途径的 SRS2 和 SGS1
基因的敲除，得到这三个基因的敲除突变株，分别进行 ARG1 基因敲除并计算敲
除阳性率，从而评价 SRS2，KU70 和 SGS1 敲除对同源重组基因置换效率的影响。
研究发现，除 SRS2 基因外，KU70 和 SGS1 基因的敲除都显著提高了同源重组基































































Gene targeting has provided important molecular and genetic tools for addressing 
the function of annotated genes and for studying the interaction of cellular proteins in 
model yeasts. In contrast to model yeasts, gene targeting efficiencies of 
non-conventional yeasts are usually low, which greatly limits the research and 
applications of these organisms. 
In this study, we aimed to enhance the gene targeting efficiency of 
non-conventional yeasts by two strategies: 1） Improving the cellular fitness of target 
strain to enhance the efficiency of gene targeting. To demonstrate this process, OCH1 
gene deletion in Pichia pastoris was performed. Extra copies of the OCH1 gene on a 
helper plasmid were provided for the P. pastoris GS115 strain before the native OCH1 
gene in the genomic DNA was knocked out. The redundancy in OCH1 gene 
significantly eliminated the growth defects of the OCH1 mutant and increased the 
deletion efficiency of the OCH1 gene by two orders of magnitude with the same 
length of homologous flanks. The same strategy was used to delete the KU70 and 
SGS1 genes. The targeting efficiencies of KU70 and SGS1 were increased by 1- and 
23-fold, respectively. Therefore, this study provided an efficient strategy for the 
deletion of “stubborn” genes in non-conventional yeasts. This study further showed 
that cellular fitness is potentially an important factor that can limit the efficiency of 
gene targeting. 2） Improving the gene targeting efficiency by specific replication 
related DNA repair. Gene targeting by recombination occurs based on double strand 
break （DSB） repair which lies on two mechanisms: homologous recombination 
（HR）  and non-homologous end joining （NHEJ） , also called illegitimate 
recombination. In this study, we assess the effects on gene targeting efficiency of 
inactivation of three genes, including KU70 gene （Encoding heterodimeric protein 
complex termed Ku that acts as a DNA end-binding factor in NHEJ pathway）, SGS1 
gene and SRS2 gene （Encoding proteins participated in regulation of HR pathway）. 

















Moreover, distinctly increased efficiencies in ARG1 gene replacement were detected 
in SGS1 and KU70 mutants. 
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